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Rates of mating failure are themselves 
likely to be influenced by the mating 
system, such as the sexual conflict 
mentioned above. We suggest that 
accurate estimates of the failure rate, 
as well as the mechanisms leading 
to mating failure, may be important 
in order to understand the patterns 
of sexual selection acting in a 
population.
Why don’t we think about it more? 
Is this a new concept? Mating failure 
is by no means a new concept, but 
most of what we know about it comes 
from experiments focusing on other 
aspects of reproductive behaviour. 
Individuals that don’t produce any 
offspring for unknown reasons 
may frequently be removed from 
analyses. Mating failure is therefore 
likely to be significantly under-
reported, and as such the proportion 
of species showing considerable 
rates of failure may be much higher 
than we realise. It might also mean 
that the rates of infertility seen in 
humans are perhaps not as unusual 
as many people think. Furthermore, 
a lack of clarity and consistent 
terminology has made gathering 
data on this topic challenging. 
Uniting multiple terms used in the 
literature — such as ‘copulation 
failure’, ‘insemination failure’, and 
‘female constraint’ — under the 
umbrella of ‘mating failure’ may help 
to bring together researchers from 
different study systems to understand 
the causes and consequences of this 
widespread phenomenon.
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What’s so special about brown (and 
yellow)? There are four bright primary 
perceptual hues — red, green, blue 
and yellow. When red, green, or blue 
are dimmed, the resulting dark hues 
still retain perceptual elements of red, 
green, or blue (Figure 1 top); only yellow 
changes categorically, to brown. Thus, 
unlike all other basic hues, yellow and 
brown are one-directional hues that are 
dependent on the brightness context 
in which they are viewed. The bright 
primary hues are yellow, red, green, and 
blue — but the dark primary hues are 
brown, red, green, and blue. 
When do we see brown? Any surface 
that looks yellow when it’s brighter 
than its surroundings will look brown 
when it’s made sufficiently darker. 
This can be accomplished by making 
either the surroundings brighter or the 
surface darker. Thus, as a pure yellow 
light is dimmed, it starts to take on 
increasing amounts of brown over the 
‘butterscotch’ range until it eventually 
becomes just brown, with no trace of 
yellow (Figure 1 middle). This explains 
why we never encounter brown 
signal lights: lights brighter than their 
surroundings can be yellow, red, green, 
or blue, but never brown, because brown 
is only a dark color. 
How is brown similar to yellow? Yellow 
and brown can both be seen in isolation, 
with no trace of any other hue. Both can 
mix perceptually with either green or red: 
for example, orange is a reddish yellow, 
olive is a greenish brown. Also, neither 
yellow nor brown can perceptually mix 
with blue: blue is perceptually opponent 
to both yellow and brown and can cancel 
either hue when mixed with them. It has 
long been recognized that we don’t see 
hues that have perceptual components 
of both yellow and blue, but the same is 
true for brown and blue. 
How is brown different from yellow? 
Although yellow and brown can mix in 
different proportions over the range of 
butterscotch hues, each can be seen 
in the absence of the other. Different 
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are needed to produce a red–green 
balanced yellow compared to a red–
green balanced brown, so a surface that 
looks like a red–green balanced yellow 
when surrounded by black will look 
greenish brown against bright white. 
Similarly, a red–green balanced brown 
will look reddish yellow (orange) against a 
dark surround. This change of red–green 
balance gave rise to the longstanding 
notion that the bright counterpart of 
brown is orange. In fact, any hue that 
has a yellow component when bright will 
have a brown component when dark. 
Thus, the bright counterpart of brown is 
yellow, not just orange.
What determines the light level at 
which we see brown? The brighter 
the surrounding lights, the higher will 
be the light level at which a surface 
looks brown. But brown is not simply a 
result of simultaneous contrast with its 
immediate environment. Even distant 
bright surround stimuli can cause a 
surface to appear brown, although 
they will be more effective the closer 
they are to the surface. Thus, brown 
induction resembles other contextual 
phenomena, such as brightness and 
color induction and color constancy. 
As a group, these phenomena reveal 
that the visual system uses the context 
of the entire scene to create our 
perceptions of hue and brightness of 
a surface, not just the light coming 
directly from the surface. Contexts 
that modulate perceived brightness 
generally appear to modulate perceived 
brownness in similar ways (Figure 1 
bottom). At the same time, the spectral 
reflectance of a surface does influence 
its brownness; for example, reducing 
the perceptual saturation (making it 
more pastel) of a surface can increase 
the light level at which the surface 
appears brown, essentially giving brown 
an advantage over yellow. 
So, is brown just darkening of yellow 
induced by the bright surround? No, 
there is nothing about the darkening 
effect of the bright surround that 
explains why the visual system 
categorically changes the hue from 
yellow to brown. There is no categorical 
hue change for red, green, or blue, even 
though a bright surround will darken 
them. However, the physical light level 
at which brown occurs does seem 
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Figure 1. Seeing brown.
Top: only yellow and brown change hue categories between bright and dark versions. Red, green, 
and blue are found in both bright and dark versions. Middle: brown and yellow are seen separately 
at lowest and highest light levels, respectively, but are seen in combination over the intermediate 
light levels of the butterscotch region. Bottom: the surrounding context (black and white stripes) 
influences both brownness and brightness in similar ways, as in this version of White’s illusion, 
where the bars on the right look browner and darker.to be closely related to the perceived 
brightness of the target surface, as 
noted above.
How does the visual system process 
brown differently from yellow? 
Different perceived hues, brown versus 
yellow, must result from differences 
in the underlying neural processing 
pathways, but we don’t know yet what 
those differences are or where they are 
found. Different retinal and pre-cortical 
pathways, specifically ON versus OFF 
pathways, could shape the differences 
in red–green balance between yellow 
and brown. So too could bright and dark 
color preferring neurons in visual areas 
beyond primary visual cortex. However, 
we don’t yet know whether they do, and 
we certainly don’t know where and how 
our actual color perceptions (not just of 
brown and yellow) are created. 
Why does the visual system create 
different hues, brown and yellow, for 
the same wavelengths of light? That 
remains a puzzle of our evolution, but 
presumably it has been important to the 
visual system to create a highly salient, 
categorical hue difference between 
bright and dark long-wavelength lights. 
One view is that darker objects seen 
as brownish hues are common and 
relatively unimportant in the natural 
environment, while objects seen as 
bright yellow are more likely to be of 
evolutionary importance — for example, 
ripe fruit, a tiger crouching in the grass. 
A contrary view is that it is important 
to recognize and protect ourselves 
from objects, such as fruit or meat, 
that turn dark from rot, deterioration, 
desiccation, loss of nutritive value, 
or contamination by human waste. 
Ultimately, an understanding of the 
domains of brown and yellow has to 
be embedded in a comprehensive 
ecological model of how all of the hue 
categories have evolved.
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